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Abstract 
Lowicryl resins are most commonly used for low 
temperature embedding by progressively lowering 
the temperature during dehydration. Freeze-
substitution has also been successfully used with 
Lowicryl, but both of these techniques generally 
rely on chemical fixation and prolonged 
incubations in organic solvents. Freeze-drying 
may be combined with embedding in Lowicryl K4M. 
This technique eliminates all chemical fixation 
and exposure to organic solvents since the samples 
are quick-frozen, dried in vacuo and directly 
infiltrated in pure Lowicryl resin. If a primary 
aldehyde fixation is desired, freeze-drying may be 
used as an alternative to dehydration with organic 
solvents. These new approaches may be of 
significance for histochemistry and 
immunohistochemistry. 
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Introduction 
The conventional processing of biological 
material for electron microscopy involves 
chemically fixing the tissue, usually with an 
aldehyde followed by osmium tetroxide, dehydration 
with organic solvents and embedding, usually in a 
heat polymerized resin, While this technique is 
routinely used to preserve ultrastructure, it does 
not prevent extraction and translocation of 
soluble tissue components (12, 20, 32), An 
alternative method of tissue preparation involves 
physical fixation by rapid freezing. However, 
when rapid freezing is used to preserve the 
chemical composition of cells and tissues, the 
quality of ultrastructural preservation and the 
detectability of structure may be inferior to that 
of conventionally fixed specimens, This is 
especially true of specimens which are sectioned 
in the frozen state without embedding (3, 11, 29), 
Better morphological preservation is obtained when 
frozen tissues are freeze-substituted and embedded 
in resin (3, 11, 23,36), However, it has been 
shown that soluble substances can be removed 
during freeze-substitution (23, 35), In many 
cases this may not present a problem, and 
freeze-substitution of the tissue is appropriate, 
For other protocols, however, freeze-substitution 
may not satisfactorily preserve the native 
chemical composition of the tissue. 
Alternatively, quick frozen tissue can be 
dehydrated under vacuum at low temperature 
(freeze-dried) and embedded (8, 9, 10, 21, 34), 
Several laboratories have demonstrated that 
freeze-drying and embedding can be an appropriate 
method for preserving both the cellular 
ultrastructure and chemical composition of tissues 
( 1 2, 1 7, 18, 20), al though the embedding is 
usually not performed at low temperature, 
Lowicryl K4M and HM20 are acrylate-
methacrylate resins which were designed for low 
temperature embedding protocols (1, 5) and to 
provide a flexible system to study the effects of 
various embedding parameters upon ultrastructure 
(1, 2), HM20 is nonpolar (hydrophobic) and has 
been particularly useful for Z-contrast imaging of 
unstained thin sections in the scanning 
transmission electron microscope (6), K4M is a 
polar (hydrophilic) resin and provides significant 
advantages for immunohistochemistry (27, 28), 
Although there have been several technical advan-
ces in the applications of these resins, the most 
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frequently used technique involves a primary alde-
hyde fixation followed by a progressive lowering 
of the temperature during dehydration and 
infiltration (1, 7). 
we have recently begun studies to examine the 
feasibility of embedding freeze-dried tissue in 
Lowicryl K4M as a way of maintaining both the 
ultrastructural and the chemical integrity of 
biological material. In our technique the samples 
are quick-frozen to avoid chemical fixation; 
freeze-dried to bypass the use of organic solvents 
for dehydration; and embedded in Lowicryl K4M to 
avoid room temperature infiltration and heat 
polymerization. we are also investigating the 
possibility of using freeze-drying as an alternate 
method of dehydration following a primary aldehyde 
fixation. 
Materials and Methods 
Tissue preparation 
Male rabbits (2.5-4 kg) were sacrificed by a 
blow to the head. Renal arteries were removed and 
placed in a Krebs-Ringer-Bicarbonate buffer of the 
following composition: 125.1 mM NaCl, 4.7 mM KCl, 
1.2 mM KH2Po 4 , 18.7 mM NaHCo3 , 5.6 mM glucose, 1.2 
mM Mgso 4 , and 1.2 mM CaC1 2 • The solution was 
continuously gassed with a mixture of 5% co 2 and 
95% o2 at room temperature. The arteries were 
cannulated with a fine gauge stainless steel wire, 
and the majority of the adventitia was removed by 
microdissection. Immediately before freezing, the 
arteries were cut into 2 mm rings. Each ring was 
cut open yielding a sheet of tissue approximately 
2 mm x 4 mm. The sheet was then cut in half 
yielding two pieces of tissue each approximately 2 
mm x 2 mm. For chemical fixation, longer segments 
(1-2 cm) were incised lengthwise and were pinned 
onto dental wax. 
Conventional embedding in Spurr resin 
Segments of renal artery were fixed in 2.5% 
glutaraldehyde/potassium phosphate (KP0 4 ) buffer, 
washed in KP0 4 buffer, post-fixed in 1% osmium 
tetroxide/sodium cacodylate buffer, rinsed in 
sodium cacodylate buffer, stained en bloc in 0.5% 
uranyl acetate, and dehydrated viaa graded series 
of ethanols according to the procedure of Lee et. 
al. (19). Tissues were infiltrated and embedded 
in Spurr resin (31). 
Conventional low temperature embedding 
Segments of renal artery were fixed in 1 .0% 
glutaraldehyde/1.5% formaldehyde in 0.1 M sodium 
cacodylate, pH 7.3 at 4°C for 1 h. The samples 
were then minced and washed in 0.1 M sodium 
cacodylate for 1 h (12 changes of five min 
each). The washing solution contained 10 mM 
lysine hydrochloride to block any free aldehyde 
groups which remained in the tissue. Dehydration, 
infiltration, and polymerization was according to 
Armbruster et. al. ( 1). 
Quick freezing 
Arterial segments were frozen from the intimal 
surface by bringing them rapidly into contact with 
a highly polished copper bar cooled with liquid 
nitrogen to ca. -196°C. The freezing apparatus 
was a "Gentle";;i"an Jim" hydraulically damped 
quick-freezing system (Quick Freezing Devices, 
Baltimore, MD) described by Boyne (4, 24). Renal 
artery segments were removed from the Krebs-
Ringer-Bicarbonate solution and were placed on 
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plastic discs (10 mm diameter) glued to a foam 
cushion. Tissues to be embedded in K4M were 
placed on filter paper discs (7 mm diameter) which 
were mounted on the plastic discs. Excess 
solution was removed with filter paper, and the 
tissue was quickly frozen before the buffer 
evaporated from the surface of the sample. Frozen 
samples, on their plastic or filter paper/plastic 
supports, were immediately transferred to a liquid 
nitrogen holding bath until they were loaded into 
the specimen container of the freeze-drying 
apparatus. 
Freeze-drying 
Our freeze-drying apparatus (Figure 1) was 
modified from designs by Coulter and Terracio (8) 
and Stumpf and Roth (33). The device is based on 
a liquid nitrogen-cooled SA molecular sieve 
material which acts as a cryogenic pump. The 
design and the operation of the apparatus is given 
in a previous publication (20). The freeze-drying 
of the tissues in our current studies varies 
slightly from this earlier report. The major 
difference is that the drying process has been 
extended from 60 to 90 h. 
Embedding after freeze-drying 
Some of the samples which were embedded in 
Spurr low viscosity medium were exposed to the 
vapors of osmium tetroxide crystals in vacuo. For 
other samples, the osmium vapor step--;as omitted. 
The vacuum in the freeze-dryer was always broken 
by venting with dry nitrogen gas. Immediately 
after reaching atmospheric pressure, the specimens 
were removed and quickly transferred to the 
embedding medium. This transfer must be performed 
rapidly because the freeze-dried tissue is 
extremely hygroscopic. 
For embedding in Spurr, each dried tissue was 
cut into four equal size pieces. Pieces of tissue 
were transferred to flat-bottom BEEM capsules 
containing fresh resin. The capsules were placed 
under vacuum in a desiccator for 60 min and were 
then polymerized at 70°c for 48 h. 
For embedding in Lowicryl K4M, dried tissue 
was transferred to resin which had been pre-cooled 
to -20°C. The samples were infiltrated under 
vacuum at -20°C for 4 h. After this step the 
tissue was placed in a small amount of cold resin 
in a ceramic depression dish. Each piece was 
divided into four pieces. The filter paper 
supports were removed, and the tissues were placed 
in fresh pre-cooled K4M for further infiltration 
with agitation at -20°C for 10 h. The samples 
were oriented and polymerized in flat-bottom BEEM 
capsules with 366 nm ultraviolet (UV) light at 
-20°C for 24 h followed by room temperature UV 
for 72 h. 
The choice of -20°C for infiltration was 
dictated by the viscosity of pure K4M at low 
temperatures. We initially attempted to 
infiltrate with pure resin at -35°C, but due to 
the higher viscosity of K4M at this temperature 
the tissue was not adequately infiltrated even 
after 24 h. Higher temperatures would require 
shorter infiltration times, but it seemed more 
appropriate to maintain a relatively low 
temperature to minimize extraction and 
solubilization in the tissue. 
Aldehyde fixation and freeze-drying 
Segments of renal artery, incised lengthwise 
to form sheets, were fixed in 1 .0% glutaraldehyde/ 
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Figure 1. Frozen tissue maintained at liquid 
nitrogen temperature is loaded into the aluminum 
tissue holder which is also maintained at liquid 
nitrogen temperature, The aluminum holder is then 
transferred into the glass specimen container (a) 
and the specimen container is clamped into place, 
The molecular sieve (b) has previously been warmed 
and preevacuated to about 2 X 10- 2 Torr with a 
mechanical pump. The sieve side of the pump is 
then slowly opened to the tissue side and the 
drying process is initiated, When the tissue is 
dehydrated, the vacuum is broken by introducing 
dry nitrogen gas through stopcock (c). 
Alternatively, osmium tetroxide vapors can be 
introduced into the system via stopcock (d) prior 
to breaking the vacuum. Tissues are then embedded 
as described in the text, 
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1.5% formaldehyde/0,1 M sodium cacodylate, pH 7.3 
at 4°C for one hand were rinsed in 0,1 M 
sodium cacodylate containing 10 rnM lysine 
hydrochloride (12 changes of five min each). The 
washed tissue was mounted on filter paper, quick 
frozen and freeze-dried as mentioned above in 
Quick freezing and Freeze-drying. These tissues 
were then infiltrated and polymerized in Lowicryl 
K4M as discussed in Embedding after freeze-drying, 
Table 1 summarizes all of the above protocols 
and notes the main differences among them. 
Ultramicrotomy and Electron Microscopy 
Sections were cut with glass or diamond knives 
on a Sorvall MT 5000 ultramicrotome. Thick (0.5 
µm) sections were stained with 0,5% methylene 
blue/0,5% azur II/0.5% sodium borate and were 
evaluated for the quality of freezing, Thin 
(60-90 nm) sections were cut and were mounted on 
formvar- and carbon-coated 150 mesh copper grids, 
The sections were stained with saturated uranyl 
acetate in 50% ethanol and in Reynolds lead 
citrate (26), Electron micrographs were taken on 
a Hitachi HU-11C electron microscope operating at 
75 kV, 
Results 
From a functional point of view, smooth muscle 
is very diverse, This diversity is reflected in 
the physiological and pharmacological 
characteristics of the various smooth muscle 
tissues. Despite such functional diversity, the 
general morphological characteristics of smooth 
muscle are very similar. Most of the literature 
describing the morphology of smooth muscle has 
come from tissues which were prepared using 
conventional electron microscopy embedding 
techniques (13, 14, 30), 
In general, the cells in intact tissue have a 
spindle shape. They can be up to 100 µmin length 
and are usually 5 to 10 µmin width, Within the 
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cell, the contractile proteins and other 
components of the cytoplasmic matrix occupy 
approximately 90% of the cell volume. The nucleus 
is located in the widest portion of the cell; this 
usually corresponds to the middle one-third of the 
cell. The Golgi apparatus and rough endoplasmic 
reticulum are located at the poles of the nucleus. 
Mitochondria and smooth sarcoplasmic reticulum 
(SR) are also found in the cells, but they occupy 
only a small percentage of the cell volume. 
Mitochondria and SR may be found near the poles of 
the nucleus, dispersed in the cytoplasmic matrix, 
and close to the plasma membrane. 
Dense bodies can be seen in the cytoplasmic 
matrix and under the plasma membrane, and are 
thought to act as points of attachment for thin 
filaments. The size and appearance of dense 
bodies is greatly influenced by preparative 
techniques. 
Invaginations of the plasma membrane, usually 
termed surface vesicles or caveolae, are seen in 
clusters along the plasma membrane between the 
dense bodies. To date no physiological function 
has been assigned to the surface vesicles. 
Smooth muscle cells are surrounded by a basal 
lamina and are separated from one another by 
extracellular space. Collagen fibrils are the 
most prominent structural constituent of the 
extracellular space. Other components include 
elastic fibrils and microfibrils. 
Figures 2 and 3 are micrographs of smooth 
muscle from the rabbit renal artery which was 
prepared using conventional fixation and 
dehydration techniques and embedded in Spurr resin 
(Protocol #1). 
In tissue which is fixed in aldehyde and 
embedded in Lowicryl K4M (Figures 4 and 5, 
Protocol #2), there is an increase in the electron 
density of the cytoplasm compared to Protocol #1. 
The nature of this density has not been 
determined, but it may reflect a preservation of 
more of the cytoplasmic matrix. Dense bodies are 
present in the matrix and along the plasma 
membrane. Osmium tetroxide is both a fixative and 
a stain, especially for membranes. Therefore, the 
absence of osmium in Protocol #2 may explain the 
morphology of membranous structures in these 
cells. The mitochondria are not well defined, and 
mitochondrial membranes are not evident. SR 
membranes are also difficult to identify. Nuclear 
membrane areas are seen in "reverse contrast" 
against the heterochromatin and the cytoplasmic 
matrix. The nuclear contents are well preserved. 
Surface vesicles contain a moderately dense, 
structureless material. The vesicle membranes are 
indistinct in cross sections, but they may be seen 
in tangential sections. The extracellular space 
contains collagen fibrils in an electron 
translucent, amorphous matrix. 
In tissue that is rapidly frozen, 
freeze-dried, exposed to osmium tetroxide vapor 
and embedded in Spurr resin (Figures 6 and 7, 
Protocol #3), the cytoplasmic matrix is moderately 
dense, and contractile filaments are evident. The 
dense bodies are not well preserved by this 
technique. The mitochondria are extremely dense, 
and intramitochondrial detail is eliminated. The 
mitochondria are surrounded by clear areas which 
other investigators have referred to as "shrinkage 
zones" (8, 9). The SR is electron translucent. 
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Surface vesicles are easily seen in sections which 
are cut perpendicularly or tangentially to the 
plasmalemma. Nuclei are very susceptible to 
damage during freezing, but when they are well 
frozen they are similar to nuclei in Protocol #1. 
Collagen is evident in the extracellular space. 
In tissue that is rapidly frozen, freeze-dried 
and embedded in Lowicryl K4M (Figures 8 and 9, 
Protocol #4), the cristae of the mitochondria are 
white against a very dark matrix. This appearance 
is similar to previous reports of mitochondrial 
ultrastructure after chemical fixation and 
Lowicryl embedding (1). Clear areas are 
frequently seen around the mitochondria; these 
presumably correspond to the "shrinkage zones" 
which are mentioned above, SR and surface 
vesicles are less easily seen than they are in 
Protocol #3, The extracellular space has a more 
amorphous appearance in this treatment, Collagen 
fibrils are not obvious, and the matrix has a 
mottled appearance. The cells are surrounded by a 
zone which stains lighter than the rest of the 
extracellular matrix, 
In tissue that is fixed in aldehyde, freeze-
dried and embedded in K4M (Figures 10 and 11, 
Protocol #5), the overall appearance of the cells 
is intermediate between that of conventionally 
prepared, K4M-embedded material (Protocol #2) and 
freeze-dried, K4M-embedded tissue (Protocol #4), 
The cytoplasmic matrix stains intensely, and dense 
bodies are seen in the cells. The mitochondria 
are similar in appearance to Protocol #2, and the 
matrix is extremely dense and tends to obscure 
intramitochondrial detail. "Shrinkage zones" 
around the mitochondria are not as prominent as in 
the other freeze-dried preparations. The nuclear 
envelope is no longer represented by an area of 
"reverse contrast." There is a slight difference 
in electron density between the bulk of the 
extracellular space and that portion which is 
apposed to the cells, but this is not as obvious 
as it is in Protocol #4, 
Discussion 
The general appearance of freeze-dried renal 
artery is similar to that of other smooth muscles 
we have examined (20, 21, 22) and to freeze-
substituted smooth muscle (3). Both the 
cytoplasmic matrix and the mitochondrial matrix 
are much more dense in freeze-dried cells than in 
conventionally prepared cells embedded in heat-
polymerized resin. The reasons for these 
differences are unclear but are presumed to be the 
result of the retention of lipids and other 
cellular components that are removed during 
conventional processing (10, 21, 34, 37), 
Other investigators have observed two 
populations of mitochondria in freeze-dried 
cells (8, 9), One population, the dark 
mitochondria, have an extremely opaque matrix and 
the cristae are obscured while the other 
population, the light mitochondria, have a more 
translucent matrix and cristae are visible. In 
freeze-dried, Spurr embedded or Lowicryl embedded 
tissue we see only the dark population, Published 
micrographs of freeze-substituted or cryosectioned 
smooth muscle also show only the dark population 
of mitochondria (3, 29), Therefore, there may be 
inherent differences in the mitochondria from 
different tissues, 
Freeze-drying and Low Temperature Embedding 
Figure 2. Smooth muscle cells that were prepared 
for EM using Protocol #1. Cells are separated by 
extracellular space (e) containing collagen 
fibrils. The filamentous nature of the cytoplasm 
is evident. Dense bodies (d) occur throughout the 
cytoplasm. The nucleus (n) is oriented 
longitudinally at the widest portion of the cell. 
Sarcoplasmic reticulum (s) frequently surrounds 
the nucleus, and mitochondria (m) are located near 
the poles of the nucleus. Bar marker is 2 µm. 
Figure 4. Smooth muscle cells that were prepared 
using Protocol #2. Notice mitochondria (m), dense 
bodies (d), extracellular space (e), nucleus (n) 
and the "reverse contrast" of the nuclear envelope 
(arrowhead). The plasma membrane and SR membranes 
are not as distinct as in Figure 2. Bar marker is 
2 µm. 
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Figure 3. Smooth muscle cells that were prepared 
using Protocol #1. TWO cells are separated by 
extracellular space (e). Surface vesicles 
(arrowheads) are seen at the plasma membranes of 
both cells. Also seen are mitochondria (m), dense 
bodies (d) and sarcoplasmic reticulum (s). Bar 
marker is 1 µm. 
Figures Sa and Sb. Cells that were prepared by 
Protocol #2. Figure Sa: Notice the lack of 
membrane definition in the mitochondria (m) and 
the nuclear envelope (arrow). Bar marker is 0.5 
µm. Figure Sb: Although the membranes of surface 
vesicles are rarely seen in cross-section, they 
may be seen in tangential sections (arrows). Bar 
marker is 0.5 µm. 
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Figure 7, A portion of a smooth muscle cell 
prepared using Protocol #3. Notice the extreme 
density of the mitochondria (m) and the lack of 
intramitochondrial detail. The mitochondria are 
surrounded by "shrinkage zones" (s). Surface 
vesicles (arrowheads) are obvious. Bar marker is 
0.5 µm, 
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Figure 6. Cells of the renal artery prepared 
using Protocol #3. The collagen (c) in the 
extracellular space (e) appears to be more 
dispersed than in Figure 2, and the cells exhibit 
more contrast than do the cells in Figure 2. 
Contractile filaments are prominent in the cells, 
but dense bodies are rare. Mitochondria (m) are 
extremely electron opaque and are surrounded by 
clear areas. The sarcoplasmic reticulum (s) is 
electron translucent. Nuclei (n) in well-frozen 
cells are similar in density to nuclei in Figure 
2. The plasma membranes (p) and nuclear membranes 
are very dense. Bar marker is 2 µm. 
Figure 8. Smooth muscle cells that were prepared 
using Protocol #4. The extracellular space (e) 
contains amorphous, electron dense material, but 
there is no readily identifiable collagen. Dense 
bodies are not observed in the cytoplasm. The 
mitochondria (m) stain intensely, and clear areas 
frequently surround the mitochondria. The 
distinction between heterochromatin and 
euchromatin in the nucleus (n) is not as obvious 
as in the other figures. Membranes are not 
distinct. The cells are surrounded by an electron 
lucent zone (1). Bar marker is 2 µm. 
Figure 9. Portion of a cell that was prepared 
using Protocol #4. In favorable sections of 
mitochondria (m), white cristae are seen in an 
extremely dense matrix. The electron lucent area 
around the cell (1) is seen, as is the finely 
filamentous structure of the extracellular space 
(e) which is beyond the electron lucent area. 
Membranes are not obvious, although profiles of 
the plasma membrane (p) are occasionally seen. 
Bar marker is 0.5 µm. 
Figure 10. Smooth muscle cells prepared according 
to Protocol #5. The cytoplasmic matrix stains 
intensely and contains dense bodies (d). 
Mitochondria (m) stain intensely. Shrinkage zones 
around the mitochondria are not prominent. There 
is some indication of an electron lucent zone (1) 
which stains lighter than the rest of the 
extracellular space (e). A nucleus is identified 
at "n". Bar marker is 2 µm. 
Figure 11. Portion of a cell that was prepared 
using Protocol #5. Mitochondria (m) are dense, 
and intramitochondrial detail is not easily seen. 
The "shrinkage areas" (s) are not as obvious 
around the mitochondria. Arrowheads indicate 
probable areas of sarcoplasmic reticulum, although 
SR membranes are not visible. Bar marker is 1 µm. 
In addition to their very dark matrices the 
mitochondria in our rapidly frozen, freeze-dried 
tissue (Figures ·6-9) are frequently encircled 
by a clear area which we have seen in other smooth 
muscle preparations (20, 21, 22) and which were 
originally described by Coulter and Terracio (8) 
as shrinkage spaces. On the other hand, shrinkage 
spaces are much less prominent in the tissues that 
were fixed in aldehyde prior to freezing (Figure 
11). Thus, it appears that chemical fixation 
stabilizes the cytoplasmic matrix around the 
mitochondria or stabilizes the mitochondria, or 
both, to partially prevent the formation of the 
shrinkage space. 
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Another feature of chemically fixed smooth 
muscle is the appearance of amorphous, osmiophilic 
dense bodies in the cytoplasmic matrix and beneath 
the plasma membrane (Figures 2, 3 and 4). Our 
results show that rapid freezing alone does not 
preserve the dense bodies (Figures 6-9) while 
aldehyde fixation prior to freezing does (Figure 
10). Thus, it appears that physical (freezing) 
fixation alone is not sufficient to preserve dense 
bodies during infiltration and polymerization, but 
that chemical fixation before physical fixation 
will preserve them. 
We have noted a significant difference in the 
staining characteristics of thin sections from the 
various protocols. Whereas conventional Spurr 
embeddings are usually stained for five min in 
ethanolic uranyl acetate and three min in lead 
citrate, a comparable density in regular low 
temperature K4M embeddings is given by two min 
in uranyl acetate and one min in lead citrate. 
Freeze-dried and K4M embedded tissue requires even 
shorter staining times. we routinely stain such 
thin sections for 30 sec in ethanolic uranyl 
acetate and 15 sec in lead citrate. 
The differences in staining times between 
Spurr and K4M could be explained by the 
hydrophilic nature of the K4M sections. Indeed, 
shorter staining times are recommended for K4M 
(7). If the density of the stain distribution 
reflects the relative mass density in the tissue, 
the shorter staining times for freeze-dried, K4M 
embedded material could indicate the retention of 
more cellular material and hence a greater number 
of nucleation sites for the stain. This same 
argument could explain the differences between 
standard low temperature K4M embeddings and 
freeze-dried, K4M embedded tissue. 
We have also noticed different staining 
requirements for cellular and non-cellular 
material, especially in freeze-dried, K4M embedded 
tissue (Figure 8). Staining times which give 
suitable contrast to the muscle cells do not 
adequately stain the extracellular material, 
especially collagen. This could be explained by 
the nature of the matrix which encloses the 
collagen fibrils. If the water which is 
associated with the matrix is largely 
"structural," or tightly bound and highly ordered, 
the accessibility of aqueous or even moderately 
alcoholic stains to the collagen could be slower 
than the accessibility to muscle cells. Why 
collagen stains more readily in tissue which has 
been aldehyde fixed, dehydrated in ethanol and 
embedded in K4M is not clear (Figure 4). Aqueous 
fixation and organic solvent dehydration could 
have a disruptive and possibly an extractive 
effect upon the matrix, thereby permitting easier 
access of stains to the collagen fibrils. The 
staining of extracellular components is known to 
vary widely, and the appearance of the 
extracellular space should not be used as the 
singular indicator for the quality of preservation 
(15). This problem clearly needs further 
i nves tiga tion. 
The appearance of the extracellular matrix 
varies dramatically with the different protocols. 
A distinct, clear area is seen surrounding the 
cells in freeze-dried, K4M embedded material 
(Figures 8 and 9). In aldehyde fixed, low 
temperature K4M embedded tissue the extracellular 
matrix apposes directly to the cells (Figure 4). 
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In material which is first aldehyde fixed and then 
freeze-dried and embedded in K4M, the appearance 
of this region is intermediate between the two 
extremes (Figure 10). 
There are several possible explanations for 
this electron translucent area. It may correspond 
to the lamina lucida which has been described 
surrounding smooth muscle cells (14). 
Although sectioning artifacts cannot be 
completely ruled out, we do not believe that this 
area represents such an artifact. There is no 
suggestion of any directional mechanical 
deformation or tearing of the sections, and the 
clear pericellular zones are not holes or defects; 
they contain resin, they are consistently 
observed, and gradations in their electron 
translucence are seen depending upon the embedding 
protocol which is used. 
Another possibility is that this pericellular 
area is the result of shrinkage (either of the 
cells or the extracellular space), but freeze-
drying has been reported to result in less 
shrinkage of tissue than conventional processing 
(20, 25). 
The only preparations in which we see a clear 
pericellular zone are in K4M embedded tissue which 
has been freeze-dried, either with or without 
prior chemical fixation (Figures 8, 9 and 10). It 
is not seen in any of the Spurr embeddings, nor in 
routine low temperature K4M embeddings. This 
pericellular area is therefore related to the 
embedding of freeze-dried tissue in K4M. Hunziker 
and Schenk (16) have demonstrated a similar 
pericellular area around chondrocytes which is 
extremely sensitive to the conditions of specimen 
preparation. we cannot at this time prove 
conclusively whether this pericellular zone is a 
result of extraction or whether the material in 
this area is conserved but not stained. 
Although osmium tetroxide vapors are 
frequently used with freeze-dried tissue to 
enhance contrast this is not essential. Osmium is 
not used with Lowicryl resins because it 
interferes with the ultraviolet 
photopolymerization (1), but staining the sections 
with uranyl and lead salts imparts a great deal of 
contrast. Similar results (unpublished data) have 
been obtained with unosmicated, freeze-dried, 
Spurr embedded tissue. In other words, osmium 
tetroxide vapors are not required for contrast 
enhancement with Spurr resin. This does not rule 
out the use of osmium tetroxide as a fixative if 
it is compatible with the embedding resin. The 
properties of osmium tetroxide as a fixative 
should be weighed carefully against its capacity 
for proteolysis and glycoproteolysis. This area 
has been extensively reviewed by Hayat (15). 
Our results clearly demonstrate that it is 
possible to combine quick freezing, freeze-drying 
and low temperature embedding in Lowicryl K4M. 
The preparation of tissue in this manner 
completely bypasses all chemical fixation, 
dehydration with organic solvents and heat 
polymerization. It is also possible to chemically 
fix the tissue with aldehydes and to then quick 
freeze, freeze-dry and embed in Lowicryl K4M. 
When these protocols are compared with 
conventional fixation and embedding in Spurr 
resin, with routine low temperature embedding in 
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K4M, and with "classical" freeze-drying and 
embedding in Spurr, it is apparent that each 
protocol provides a slightly different 
ultrastructural view of the tissue. Some of the 
differences are quite striking; others are more 
subtle. 
It is possible that freeze-drying and K4M 
embedding may be of advantage for studies of 
cytochemistry and immunocytochemistry. This is 
particularly true because of the varied responses 
of cellular enzymes and antigens to chemical 
fixatives and buffers (15). Work is under way in 
our laboratories to evaluate the usefulness of 
freeze-drying and low temperature K4M embedding 
for cytochemistry and immunocytochemistry. 
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